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Description
TECHNICAL FIELD

[0001] The present disclosure relates to flat panel dis-
plays and more specifically to a display for a mobile
device that enables imaging through the display.

BACKGROUND

[0002] Expanding a display to cover more area of a
mobile device (e.g., mobile phone, tablet, etc.) may be
desirable from, at least, a user experience standpoint.
However, electro-optical devices positioned on a side of
the mobile device that also includes the display (e.g., a
front-facing camera, a light sensor, etc.) may compete for
real estate on the side of the device that includes the
display. In some implementations, electro-optical de-
vices can be positioned behind a portion of the active
(i.e., light emitting) display, so that display area need not
be sacrificed to accommodate the electro-optical de-
vices, and a device positioned behind a display may
receive enough ambient light through the display for
sensing an amount of ambient light. However, imaging
through the display by a sensor located behind the dis-
play may be severely degraded by circuit elements of the
display.

[0003] KR20170024182A discloses a display device
including a display panel in which a part of the area is a
transparent area and the remaining area is an opaque
area and an electronic module arranged on the rear side
of the transparent area in the display panel. Accordingly,
the presentinvention canincrease aratio of a screen size
to a device size.

[0004] US2016293687A1 discloses a transparent or-
ganic light emitting display apparatus including a base
substrate, a light blocking pattern disposed on the base
substrate, a thin film transistor disposed on the base
substrate, a first electrode disposed on the base sub-
strate and electrically connected to the thin film transistor,
a pixel defining layer disposed on the base substrate and
overlapping the first light blocking pattern, a second
electrode disposed on the base substrate, a light emitting
structure disposed between the first electrode and the
second electrode, and a second light blocking pattern
overlapping the first light blocking pattern. The first light
blocking pattern defines a first opening. The second light
blocking pattern defines a second opening which over-
laps the first opening. The pixel defining layer defines a
third opening which overlaps the first and second open-
ings configured to pass external light through the first to
third openings.

[0005] EP3428967A1 discloses adevice comprising: a
housing including a first surface facing a first direction
and a second surface facing a second direction; a trans-
parent cover formed on at least a portion of the first
surface of the housing; a display disposed between the
transparent cover and the second surface; a sensor
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disposed between the display and the second surface;
and a control circuit, electrically connected to the sensor,
for controlling the sensor. The display can comprise: a
first region including a plurality of pixels capable of dis-
playing color; and a second region aligned on at least a
portion of the sensor such that light acquired from the
outside of the electronic device passes through the sen-
sor.

[0006] CN110061014Adiscloses adisplay panelanda
display device. The display panel comprises a first dis-
play region and a second display region. The second
display region is adjacent to the first display region and is
multiplexed to form a sensor reservation region. The
second display region comprises a plurality of transmit-
ting regions and a plurality of pixel unit arrangement
regions. A first wiring region is arranged between two
adjacent pixel unit arrangement regions along a first
direction and a second wiring region is arranged between
two adjacent pixel unit arrangement regions along a
second direction. The first direction crosses with the
second direction. The display panel also comprises a
substrate and a shielding layer. The shielding layer is
electrically connected with a preset voltage end. The
positive projection of the shielding layer on the substrate
completely covers positive projections of a gap, between
two adjacent first wires, in the first wiring region and a
gap, between two adjacent second wires, in the second
wiring region on the substrate. Normal display of the
sensor arrangement region is achieved, and the
screen-to-body ratio of the display panel is improved.
[0007] US2017250240A1 discloses a display device
including: a first gate line and a second gate line which
extend in a first direction; a signal line and a current-
supplying line which extend in a second direction inter-
secting with the first direction; a first sub-pixel surrounded
by the first gate line, the second gate line, the signal line,
and the current-supplying line; and a light-shielding film
located over the first sub-pixel. The light-shielding film
has a first opening portion and a second opening portion,
and the first sub-pixel overlaps with the first opening
portion and the second opening portion and has an
emission region and a light-transmitting region. In the
light-transmitting region, a distance in the first direction
between the signal line and the current-supplying line
continuously changes along the second direction.

SUMMARY

[0008] According to the claimed invention, a mobile
computing device is defined as recited in claim 1.
[0009] Implementations may include any of the follow-
ing features, alone or in combination with each other.
[0010] Forexample, the first pattern of opaque portions
may define transparent openings through which light
passes through the AMOLED display to the camera,
and where a lateral extent of the openings is greater than
three times a wavelength of light that is imaged by the
camera.
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[0011] Opaque portions of the first pattern that define
the transparent openings may be closer to a central axis
passing through the openings, the central axis being
parallel to a propagation direction of light that passes
through the AMOLED display to the camera, than opaque
portions of the second pattern.

[0012] The opaque portions of the first pattern and
opaque patterns of the second pattern may be arranged
such that light passing between the first and second
opaque patterns at an angle of more than 10 degrees
from the propagation direction of light that passes
through the AMOLED display to the camera is blocked
by the second opaque pattern from reaching the camera.
[0013] The opaque portions of the first pattern and
opaque patterns of the second pattern may be arranged
such that light passing between the first and second
opaque patterns at an angle of more than 8 degrees from
the propagation direction of light that passes through the
AMOLED display to the camera is blocked by the second
opaque pattern from reaching the camera.

[0014] The opaque portions of the first pattern and
opaque patterns of the second pattern may be arranged
such that light passing between the first and second
opaque patterns at an angle of more than 6 degrees from
the propagation direction of light that passes through the
AMOLED display to the camera is blocked by the second
opaque pattern from reaching the camera.

[0015] The second pattern of opaque portions may
include TFT layers of the AMOLED display.

[0016] The first pattern of opaque portions may be
located in the area of the transmit/receive region aligned
with pixels of the display to allow light from the pixels to
shine through openings in the first patterns and out of the
AMOLED display.

[0017] The opaque portions of the first pattern may
include touch sensor electrodes of the AMOLED display.
[0018] At least some of the touch sensor electrodes
may be covered by material having an optical absorption
of greater than 90%.

[0019] The circuit elements in the transmit/receive re-
gion may include conductive lines configured to provide
electrical signals to pixels in the AMOLED display.
[0020] A width of the conductive lines may be greater
than one micron.

[0021] Two or more of the conductive lines may be
parallel to each other, with a gap between the parallel
conductive lines being less than five microns.

[0022] Two or more of the conductive lines may be
parallel to each other, with a pitch of the parallel con-
ductive lines in the transmit/receive area being smaller
than a pitch of parallel conductive lines in other areas of
the AMOLED display.

[0023] Opaque portions of the second light-blocking
may include control lines that provide electrical power
and/or electrical control signals to OLED emitters in the
AMOLED display.

[0024] The device and/or the display may include con-
trol lines that provide electrical power and/or electrical
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control signals to OLED emitters in the AMOLED display,
where opaque portions of the second light-blocking in-
clude control lines that located in a plane of the control
lines.

[0025] A first light-blocking layer may have less area
than the second light-blocking layer, where the second
light-blocking layer blocks light diffracted by the first light-
blocking layer and light diffracted by the control lines from
reaching the camera.

[0026] According to another aspect of the claimed
invention, an active matrix organic light emitting diode
(AMOLED) display is defined as recited in claim 10.
[0027] Implementations may include any of the follow-
ing features, alone or in combination with each other.
[0028] Forexample, the first pattern of opaque portions
may define transparent openings through which light
passes through the AMOLED display to the camera,
and where a lateral extent of the openings is greater than
three times a wavelength of light that is imaged by the
camera.

[0029] Opaque portions of the first pattern that define
the transparent openings may be closer to a central axis
passing through the openings, the central axis being
parallel to a propagation direction of light that passes
through the AMOLED display, than opaque portions of
the second pattern.

[0030] Opaque portions of the first pattern and opaque
patterns of the second pattern are arranged such that
light passing between the first and second opaque pat-
terns at an angle of more than 10 degrees from the
propagation direction of light that passes through the
AMOLED display to the camera is blocked by the second
opaque pattern from passing through the AMOLED dis-
play.

[0031] Opaque portions of the first pattern and opaque
patterns of the second pattern are arranged such that
light passing between the first and second opaque pat-
terns at an angle of more than 8 degrees from the
propagation direction of light that passes through the
AMOLED display to the camera is blocked by the second
opaque pattern from passing through the AMOLED dis-
play.

[0032] Opaque portions of the first pattern and opaque
patterns of the second pattern are arranged such that
light passing between the first and second opaque pat-
terns at an angle of more than 6 degrees from the
propagation direction of light that passes through the
AMOLED display to the camera is blocked by the second
opaque pattern from passing through the AMOLED dis-
play.

[0033] The second pattern of opaque portions may
include TFT layers of the AMOLED display.

[0034] The first pattern of opaque portions may be
located in the area of the transmit/receive region aligned
with pixels of the display to allow light from the pixels to
shine through openings in the first patterns and out of the
AMOLED display.

[0035] The opaque portions of the first pattern may
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include touch sensor electrodes of the AMOLED display.
[0036] At least some of the touch sensor electrodes
may be covered by material having an optical absorption
of greater than 90%.

[0037] The circuit elements in the transmit/receive re-
gion may include conductive lines configured to provide
electrical signals to pixels in the AMOLED display.
[0038] A width of the conductive lines may be greater
than one micron.

[0039] Two or more of the conductive lines may be
parallel to each other, with a gap between the parallel
conductive lines being less than five microns.

[0040] Two or more of the conductive lines may be are
parallel to each other, with a pitch of the parallel con-
ductive lines in the transmit/receive area being smaller
than a pitch of parallel conductive lines in other areas of
the AMOLED display.

[0041] Opaque portions of the second light-blocking
may include control lines that provide electrical power
and/or electrical control signals to OLED emitters in the
AMOLED display.

[0042] The display may further include control lines
that provide electrical power and/or electrical control
signals to OLED emitters in the AMOLED display, and
where opaque portions of the second light-blocking in-
clude control lines are located in a plane of the control
lines.

[0043] A first light-blocking layer may have less area
than the second light-blocking layer, and the second light-
blocking layer may block light diffracted by the first light-
blocking layer and light diffracted by the control lines from
reaching the camera.

BRIEF DESCRIPTION OF THE DRAWINGS
[0044]

FIG. 1A depicts a top (front) surface of a mobile
computing device including a display and an optical
device that occupy different portions of the front
surface.

FIG. 1B depicts a top (front) surface of a mobile
computing device including a display with an optical
device positioned behind a transmit/receive area of
the display according to a possible implementation of
the disclosure.

FIG. 1C depicts a top (front) surface of a mobile
computing device including a display with an optical
device position behind a transmit/receive area of the
display according to a possible implementation of the
disclosure.

FIG. 2A depicts a side, cross-sectional view of a
mobile device including a plurality of optical devices,
each positioned behind a respective transmit/re-
ceive area of an emissive display according to a
possible implementation of the disclosure.

FIG. 2B depicts a side, cross-sectional view of a
mobile device including a plurality of optical devices
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positioned by a single transmit/receive area of an
emissive display according to a possible implemen-
tation of the disclosure.

FIG. 3A depicts a top (front) view of pixels and signal
lines of a high-resolution portion of an emissive dis-
play according to a possible implementation of the
disclosure.

FIG. 3B depicts a top (front) view of pixels and signal
lines of a reduced-resolution portion of an emissive
display according to a possible implementation of the
disclosure.

FIG. 4, not according to the claimed invention, de-
picts a possible side, cross-sectional view of the
emissive display shown in FIG. 3B.

FIG. 5, not according to the claimed invention, de-
picts the possible effects on light passing through the
emissive display of FIG. 4.

FIG. 6A depicts an example of an image captured
from light without diffraction.

FIG. 6B depicts an example of an image captured
from light with diffraction.

FIG. 7 depicts a possible rearrangement of signal
lines of the reduced-resolution portion of an emissive
display of FIG. 3B to produce clear apertures for light
to pass through.

FIG. 8A depicts a top (front) view of an opaque
pattern for preventing light from reaching the rear-
ranged signal lines of FIG. 7 while allowing light from
pixels of the emissive display to transmit through.
FIG. 8B depicts a top (front) view of another opaque
pattern for preventing light from reaching the rear-
ranged signal lines of FIG. 7 while allowing light from
pixels of the emissive display to transmit through.
FIG. 9A, not according to the claimed invention,
depicts a side, cross-sectional view of a reduced-
resolution portion of an emissive display including an
opaque layer above rearranged signal lines accord-
ing to a possible implementation of the disclosure.
FIG. 9B, not according to the claimed invention,
depicts another side, cross-sectional view of a re-
duced-resolution portion of an emissive display in-
cluding an opaque layer above rearranged signal
lines according to a possible implementation of the
disclosure.

FIGS. 9C, 9D, 9E, and 9F depict side, cross-sec-
tional views of a metal touch sensor electrode in
various stages of being covered by an opaque,
low-reflectivity material.

FIG. 10A depicts a top view of electrodes in touch
sensor layers that can be used for the opaque layerin
possible implementations of the present disclosure.
FIG. 10B depicts a side, cross-sectional view of a
portion (A-A’) of the touch sensor layers of FIG. 10A.
FIG. 11, not according to the claimed invention,
depicts a side, cross-sectional view of a reduced-
resolution portion of an emissive display including an
opaque layer below rearranged signal lines accord-
ing to a possible implementation of the disclosure.
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FIG. 12, according to the claimed invention, depicts a
side, cross-sectional view of an emissive display
including an opaque layer above signal lines and
also including an opaque collimation or mask layer
above the signallines that prevents light diffracted by
elements in the display from reaching a camera
under the display.

FIG. 13, according to the claimed invention, depicts
side, cross-sectional view of another emissive dis-
play including a first opaque layer above signal lines
and also including a lower opaque collimation or
mask layer that further reduces light diffracted by
elements in the display from reaching a camera
under the display.

FIG. 14 is a top view of an example pattern of a
collimation or mask layer.

FIG. 15, according to the claimed invention, depicts a
side, cross-sectional view of another emissive dis-
play including a first opaque light blocking layer
above signal lines and also including a collimation
or mask layer below the signal lines that prevents
light diffracted by elements in the display from reach-
ing a camera under the display.

FIG. 16, according to the claimed invention, depicts a
side, cross-sectional view of another emissive dis-
play including a first opaque light blocking layer
above signal lines and also including a collimation
or mask layer below the signal lines that prevents
light diffracted by elements in the display from reach-
ing a camera under the display.

[0045] The componentsinthe drawings are not neces-
sarily drawn to scale and may not be in scale relative to
each other. Like reference numerals designate corre-
sponding parts throughout the several views.

DETAILED DESCRIPTION

[0046] The present disclosure describes a flat panel
display that can be used with a mobile device (e.g.,
mobile phone, tablet, etc.). The front surface of a mobile
device includes a display typically operating as a graphic
user interface (GUI) and one or more optical devices
operating as sensors/emitters for areas outside the de-
vice and facing the front surface of the device. The one or
more optical devices can be configured for a variety of
functions, including, but not limited to, sensing lighting
conditions (e.g. a light sensor), sensing proximity of
objects to the device (e.g., a proximity sensor), capturing
images (e.g., a front-facing camera), and/or to providing
light (e.g., aflash). An optical device can be located under
aportion of the display, such thatdisplay area need notbe
sacrificed to accommodate the optical device on the front
surface of the mobile device. Circuitry and optical masks
within the mobile device can be arranged, such diffraction
of light passing through the display to the optical device is
reduced compared to conventional configurations of mo-
bile devices.
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[0047] Traditionally, the display and the optical devices
have occupied separate areas of the front surface of the
mobile device. For example, FIG. 1A depicts a mobile
device 101 having a display 110 and a camera 111 that
occupy different portions of the front surface. Recent
advances in emissive display technology (e.g., active
matrix organic light emitting diode (AMOLED)) facilitate
extending the emissive (i.e., active) area 110a of the
display 110 towards (e.g., to) the edges of the mobile
device 101. By extending the active area of the display
110 towards the edges of the mobile device 101, a user
may experience the benefits of a larger display without
the drawbacks of a larger device.

[0048] The disclosed emissive display is configured to
share the front surface of a mobile device with one or
more optical devices so that the active area of the display
can be extended to the edges, without the need for
leaving gaps in the display for the optical devices. Ac-
cordingly, one or more portions of the disclosed display
covering the one or more optical devices can be config-
ured so that the optical devices, positioned behind the
display, can transmit or receive electromagnetic radiation
(e.g., light) through the display.

[0049] FIG. 1B illustrates a mobile device 102 with a
display 112 extended towards the edges of the device.
Unlike mobile devices in which the display is excluded
from an area reserved for optical devices, the light-emit-
ting (i.e., active) area 112a of the display 112 extends
over substantially the entire front surface. Accordingly,
almost all of the, if not the entire, front surface of the
mobile device 102 may be used to present color, black-
and-white, or gray-scale images, graphics, and/or char-
acters. The light-emitting area 112a of the display 112
includes a transmit/receive area 120 behind which (i.e.,
below which) an optical device (or optical devices) may
be disposed and through which light can pass to be
received by the optical device and/or through which light
can be transmitted from the optical device out of the
display 112.

[0050] The size, shape, and/or position of the transmi-
t/receive area 120 may be implemented variously. For
example, the transmit/receive area 120 shown in FIG. 1B
has a rounded (e.g., circular) shape and is positioned
apart from edges of the display 112. This need not be the
case. In fact, advantages (e.g., signal routing, reduced
fabrication complexity, etc.) may exist for different shapes
and/or positions. For example, the transmit/receive area
122 shown in FIG. 1C is rectangular in shape and is
positioned along an edge of the light-emitting area
113a of the display 113 of the mobile a mobile device
103. In this implementation, the horizontal and vertical
edges of the transmit/receive area 122 can correspond to
the horizontal and vertical direction of electrically con-
ductive signal lines and to a grid arrangement of light-
emitting pixels in the display 113. Additionally, the size of
the transmit/receive region 122 in FIG. 1C can be larger
than that of FIG. 1B.

[0051] FIG. 2A depicts a side, cross-sectional view of a
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mobile device having a display 212 with multiple trans-
mit/receive regions 220A, 220B. The mobile device in-
cludes a multiple optical devices 240A, 240B, each posi-
tioned behind one of the transmit/receive regions. In
some implementations, multiple (e.g. three) optical de-
vices may be positioned behind a single transmit/receive
region that is large enough to accommodate all the multi-
ple devices. FIG. 2B depicts a side, cross-sectional view
of a mobile device having a display 212 with a single
transmit/receive region for use by the multiple optical
devices 240A, 240B.

[0052] The optical devices 240A, 240B may transmit
and/or receive electromagnetic radiation 225 through the
transmit/receive regions 220A, 220B, 220C. While the
disclosure may be generally applied to any optical device
configured to transmit or receive electromagnetic radia-
tion (e.g., from the millimeter wave, visible, or infrared
portions of the electromagnetic spectrum), the particular
implementation of a camera configured to receive visible
light and/or infrared light will be considered throughout
the disclosure.

[0053] The transmit/receive region 220A, 220B, 220C
(i.e., portion) of the display 212 may have a different pixel
density and/or pixel arrangement than the rest of the
display. For example, the display region of the rest of
display may have a pixel resolution that is higher than the
pixel resolution of the transmit/receive portion 220A,
220B, 220C of the display.

[0054] FIG. 3A depicts LEDs 302 of pixels and elec-
trically conductive signal lines 304 providing electrical
signals to the LEDs 302 in a high-resolution portion of an
emissive display, while FIG. 3B depicts a reduced-reso-
lution portion of an emissive display that includes emis-
sive areas 312 that include multiple light-emitting sub-
pixels 302, 304, 306 and electrically conductive signal
lines 314 providing electrical signals to pixel circuits that
drive the sub-pixels. In FIG. 3A and in FIG. 3B, pixels in
the display can include a plurality of light emitting ele-
ments (e.g., light emitting diodes) that emit different
colors, so that all visible colors can be produced by a
pixel by mixing amount of light from the different ele-
ments. For example, in some implementations, a pixel
caninclude ared LED 302, ablue LED 304 and two green
LEDs 306. The reduced-resolution portion of the display
depicted in FIG. 3B may allow more light to pass through
the display than the high-resolution portion of the display
depicted in FIG. 3A, because there are fewer non-trans-
parent elements, such as signal lines 314, emissive
areas 312, and transistors placed in the reduced-resolu-
tion portion of the display than there are in the normal
resolution portion of the display. Nevertheless, the light
passing through the display may interact with some
pixels and some signal lines 342 running in a vertical
(y) direction or signal lines 343 running in a horizontal (x)
direction, which can affect the propagation of light
through the display.

[0055] FIG. 4, not according to the claimed invention,
illustrates a side, cross-sectional view of an emissive
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display 400 suitable for use with the mobile device of
FIG. 1B or 1C. In some implementations the display 400
can be an AMOLED display. While the principles of the
disclosure may be applied to various other display tech-
nologies, the implementation of an AMOLED display will
be considered throughout the disclosure.

[0056] As shown in FIG. 4, the AMOLED display 400
includes a plurality of layers. The layers are positioned
behind (i.e., below) a cover glass layer 410 that can form
the front surface of the mobile device 400. In a possible
implementation, the display 400 can include a polariza-
tion film layer 415, which can improve a visual quality
(e.g., contrast) of the light emitted from the display. The
display 400 can alsoinclude atouch sensorlayer420 that
includes touch sensor electrodes 422. Individual pixels
437 of the display can be formed from a cathode layer
430, an OLED emitter stack 435, and separate elements
of an anode layer 436. Elements of the anode layer 436
may be reflective so that light emitted from the OLED
emitter stack 435 toward the anode is reflected from the
anode and directed in a vertical (z) direction from the
anode layer 436. An element of the anode layer 436 can
be coupled to a thin film transistor (TFT) structure 440
thatincludes a source, a gate, and a drain, and which can
be controlled by electrical signals transmitted over elec-
trically conductive signal lines 442. The display 400 can
further include a barrier layer 445 of SiNx or SiONx and a
substrate layer 450 of polyimide (PI).

[0057] The layers of the display 400 may include trans-
parent and non-transparent circuit elements. For exam-
ple, the TFTstructure 440, the pixels 437, the signal lines
442, and/or touch sensor electrodes 422 may all block
light from propagating through the display 400. Light can
be either reflected or absorbed by the non-transparent
(i.e., opaque) circuit elements. Additionally, the circuit
elements may define gaps (i.e., slits) between circuit
elements, with which the light may interact. For example,
light may be diffracted by gaps formed between adjacent
circuit elements in the same layer. The dimension of a
gap relative to the wavelength of the light ray 300 can
determine the effect the gap has on the light. A gap thatis
much wider than the wavelength of light passing through
the gap may have little effect on the light as it passes
through the gap. However, a gap having a width that is
smallerthan orcomparable to (e.g., less than three times)
the wavelength of light passing through the gap may have
a more significant diffractive effect on the light passing
through the gap. Light may also be diffracted by gaps
between circuit elements in different layers, although the
effect may be weaker than the diffraction due to elements
of the same layer. For example, in some implementa-
tions, parallel signal lines 442 can be aligned next to each
other with a center-to-center pitch of between 3 and 12
microns, with 1-10 microns wide gaps between adjacent
signal lines. Similarly, gaps and slits defined by non-
transparent elements in addition to the signal lines 442
(e.g., capacitors, TFT structures 440, pixels 437, the
touch sensor electrodes 422, etc.) also can diffract light



1" EP 3 970 192 B1 12

as it propagates through the display to the camera.
[0058] FIG. 5, not according to the claimed invention,
depicts a side, cross-sectional view of a portion of a
display 500 with light diffracted by circuit elements in
the display. As shown, a light ray (i.e., light) 502A may
pass between touch sensor electrodes 522A, 522B and
between pixels 537A, 537B without being altered sub-
stantially, although some limited diffraction of light may
occur at the edges of the touch sensor electrodes 522A,
522B and the pixels 537A, 537B. However, the light 502A
can be diffracted by a gap (i.e., slit) formed between non-
transparent elements (e.g., two adjacent electrically con-
ductive signal lines 542A, 542B) when the dimensions of
gaps between those non-transparent elements is less
than or on the order of the wavelength of light. Accord-
ingly, light may be diffracted by gaps formed by other
combinations of circuit elements provided the gaps
formed are of suitable dimensions. For example, light
502B can be diffracted by a gap formed between a signal
line 542C and a TFT structure 540.

[0059] When lightis considered as a collection of rays,
diffraction may be understood as effectively changing
angles of some of the rays in the collection of rays so
that the diffracted rays 520A, 520B are distributed over a
diffraction angle. In general, narrower gaps in the display
result in larger diffraction angles. Accordingly, higher
resolution displays may cause more pronounced diffrac-
tion (i.e., larger diffraction angles) of light passing through
the displays, because the density of the electrically con-
ductive control lines in these displays is higher and the
gaps between control lines in these displays are smaller.
[0060] A camera positioned behind (i.e., below) the
display 500 relies on a lens to focus a light from an object
onto asensor (e.g.,aCMQOS, CCD array), with the sensor
surface being located as the focal plane of the lens.
However, when the light rays that pass through the dis-
play to the lens are diffracted by opaque elements in the
display, many rays will not be focused onto the surface of
the sensor but rather will have an effective focal plane
above or below the sensor surface. As a result, an image
captured from light that passes through a display can be
distorted by diffraction.

[0061] FIG. 6A depicts a simulated image of an object
(i.e., a 3D model head) captured without diffraction 602,
and FIG. 6B depicts a photograph of a head captured with
diffraction through one of the existing display panels)
604. As shown, the image formed with light including
diffracted light is severely degraded and appears hazy
because of the diffracted light rays. An aspect of the
present disclosure is reducing diffraction caused by a
display panel structure to improve the quality of images
captured through the display (i.e., reduce a haze in the
images).

[0062] The presentdisclosure describes a display hav-
ing a transmit/receive region 120 that, when positioned
over (i.e., in front of) a camera, facilitates imaging by
decreasing the amount of light that causes image distor-
tion from reaching the camera. This may be partially
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accomplished by reducing a number of pixels in the
transmit/receive region (see FIG. 3B) (i.e., compared
to other areas of the display) to allow more light to pass
through the display. The pixels in the transmit/receive
area may be regularly arranged (e.g., in a grid pattern) or
may be non-regularly arranged. The number of pixels per
unitareain the transmit/receive area may be smaller than
that of the rest of display screen (e.g., the high-resolution
area). In other words, a portion of pixels in the transmi-
t/receive area can eliminated so that the remaining pixels
are spaced further apart than the pixels of other parts of
the display. This approach alone may still permit light to
diffract from gaps formed between circuit elements (e.g.,
electrically conductive signal lines 442, 542). Accord-
ingly, the present disclosure includes additional modifi-
cations of the transmit/receive region (as compared to
other regions) to increase throughput and decrease dif-
fraction.

[0063] An additional modification includes a routing of
signal lines to the pixels in a transmit/receive area 120 of
adisplay 110, 112 in a manner designed to provide large
areas without opaque elements though which light can
propagate largely without diffraction. FIG. 7 depicts a
possible arrangement of electrically conductive control
lines of a transmit/receive area of a display. Each 2 by 1
clustered pixel 747 in this example pixel arrangement can
include four sub-pixels in total, one red (e.g., upper left),
two green (e.g., lower left and right), and one blue (e.g.,
upper right) sub-pixels, where the sub-pixels correspond
toindividual OLED emitters that can emit light of different
colors. For example, a pixel of the display that can emit
light of any color caninclude three or more sub-pixels that
emit light of having at least three different colors, and the
intensity of the different colors can be controlled, so that
when mixed, the light from the multiple sub-pixels can
produce light having any color. The sub-pixels are ad-
dressed with electrically conductive control lines 742 that
carry signals to the pixels to control their illumination. In
FIG. 7, on the left is a reduced resolution portion of a
display with signal lines that are not rearranged, while on
the right is a reduced resolution portion of a display with
signal lines that are rearranged (e.g., bundled together)
to create openings 710. The openings 710 provide sub-
stantially clear apertures through which light can pass to
reach an optical device (or devices) positioned behind
the display. In other words, the openings 710 are free of
pixels or other circuit elements that could diffract light.
The rearranged signal lines may still form gaps that can
diffract light. In some implementations, to form the open-
ings 710, the signal lines can be arranged such that
neighboring parallel signal lines are less than about five
microns apart from each other, even when the pixel
density in the reduced resolution portion of the display
is less than about 165ppi (i.e., pixels are spaces about
150 microns from neighboring pixels). In some imple-
mentations, the pitch of (i.e., the center-to-center dis-
tance between) parallel control lines can be smallerin the
low-resolution portion of the display than in other high-
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resolution portions of the display.

[0064] As mentioned, the circuit elements may form
gaps (i.e., slits) that can diffract the light, and constraining
the circuit elements (e.g., control signal lines) into
bundled smaller regions (e.g., to create openings in
the transmit/receive region) can enhance the diffraction.
However, to reduce diffracted light from reaching the
camera, light directed to circuit elements of the display
that would cause deleterious diffraction can be blocked
before reaching the circuit elements or after being dif-
fracted by the circuit elements but before reaching the
camera (i.e., after passing through the circuit elements).
Accordingly, an aspect of the disclosed display includes a
light-blocking layer that includes an opaque pattern
aligned with the circuit elements in the transmit/receive
area to block light before or after propagating through
light-diffracting gaps formed by the circuit elements.
[0065] FIG. 8Ais a top view of an opaque pattern 800
configured to block light from passing through gaps be-
tween opaque elements in the display, to avoid diffraction
of light by the gaps. The opaque pattern 800 corresponds
to a pattern of circuit elements (e.g., signal lines) of the
portion of the display portion shown in FIG. 7 and is
shaped and aligned accordingly. The opaque pattern
may be made from a material (or materials) that is re-
flective or absorptive to wavelengths of the light captured
by the camera. The opaque pattern may be any thickness
(e.g., the thickness of a deposited metal trace) but thin
layers can offer additional flexibility and may reduce the
effect of unwanted shadows. Inimplementations in which
the light-blocking layer is positioned above the pixels of
the transmit/receive region, the opaque layer may in-
clude apertures 810 that are aligned with emissive areas
in pixels (i.e., sub-pixels) in the transmit/receive region to
allow light emitted from the pixels to transmit light through
the apertures and out of the surface of the device.
[0066] FIG. 8B is atop view of another opaque pattern
802 configured to block light from passing through gaps
between opaque elements in the display, to avoid diffrac-
tion of light by the gaps. The opaque pattern shown in
FIG. 8B may include a single aperture 811 that allows all
sub-pixels to transmit light through the aperture and out of
the surface of the device. While this single aperture 811
can reduce part of the benefit of the opaque layer by
leaving exposed some of the diffracting gaps that are
located above or underneath this big single aperture 811,
alignment of the larger aperture 811 with the emissive
sub-pixels may be easier than aligning the pattern of FIG.
8A with the emissive elements.

[0067] FIG. 9A, notaccording to the claimed invention,
depicts a side, cross-sectional view of a reduced-resolu-
tion portion of an emissive display 900 including an
opaque layer above rearranged signal lines according
to a possible implementation of the disclosure. Com-
pared with FIG. 4, the implementation in FIG. 9A has
fewer pixels, and the electrically conductive signals lines
942 are arranged to form openings 910 that do not
include circuit elements, which light 920 from outside

10

15

20

25

30

35

40

45

50

55

the display can pass through without interacting with
(e.g., being diffracted by) circuit elements. The lateral
dimensions of an opening 910 through which the light
passes through can be greater than three times the
longest wavelength of light that passes through the open-
ing and that is imaged by a camera located below the
display 900. The circuit elements can include control
signal lines 942 and/or the TFTstructures 940. The circuit
elements are blocked (i.e., shaded) from receiving light
910 that passed through the touch sensor electrode or
any opaque layer 922 above the circuit element layers
942. In other words, the touch sensor layer can be used
as the light-blocking layer. The pixel emission light 940 is
unaffected by the opaque pattern formed by the light
blocking layer 922, because the light blocking layer pat-
terns 922 are aligned with the emissive pixels, such that
light from the pixels can be emitted from the display
without inhibition from the touch sensor electrodes 922
across the target angular range viewed by a user in front
of the display stack.

[0068] Elements formed in the touch sensor layer lo-
cated in the transmit/receive area of the display may be
electrically active orinactive. For example, the electrodes
in the touch sensor layer 920 can include dummy sensor
elements that do not contribute to sensing or active
sensor lines used to detect a touch. Either the dummy
sensor elements or the active sensor lines (or both) may
be used to form an opaque pattern to block light from
reaching the gaps created by the signal lines 942. Thus,
an aspect of the disclosed display includes utilizing the
touch sensor layer as a light-blocking layer by forming the
electrode 922 for touch sensing into an opaque pattern to
block (e.g., absorb, reflect) light 910 (e.g., visible and
infrared light) that could otherwise be diffracted and
degrade an image captured by a sensor located below
the display panel. The display implementation of FIG. 9A
may advantageously have fewer layers because the
touch sensor layer serves a dual purpose.

[0069] FIG. 9B, notaccording to the claimed invention,
depicts another side, cross-sectional view of the re-
duced-resolution portion of an emissive display. The
touch sensor electrodes 922 are part of the touch sensor
layer 920, and the touch sensor electrodes 922 can
include an opaque metal material (e.g., Al, Ti, Mo, Cu,
Cr, Ag, Au, etc. or alloys thereof). In some implementa-
tions, the thickness of the touch sensor electrodes 922
can be about 20 - 200 nm.

[0070] Because the touch sensor electrodes 922 in-
clude metal material, the reflectivity of the metal material
may be relatively high. To reduce the reflectivity of the
touch sensor electrodes 922, the electrodes may be
covered with a layer of low reflectivity material. For ex-
ample, in some implementations, the metal touch sensor
electrodes 922 can be covered by an additional optically
absorbing material 924 that covers the surface of touch
sensor electrodes 922. In some embodiments, the opti-
cally absorbing material 924 can extend around the
edges of the electrodes to cover the edges of the metal
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touch sensor electrodes 922. For example, the optically
absorbing material 924 can include a black photoresist
material, which can be similar in composition to materials
used for LCD color filter fabrication and which is typically
modified for low temperature curing necessary for com-
patibility with OLEDs (e.g. 80-120 °C). These materials
have high optical absorption (e.g. > 90% for a 1 um
thickness layer of photoresist) and can help decrease
the amount of light scattered by metal touch sensor
electrodes 922 towards the imaging device behind the
display panel. In some implementations, the total com-
bined thickness of the touch sensor electrodes 922 cov-
ered by an optically absorbing material 924 can be about
200 - 500 nm.

[0071] FIGS. 9C, 9D, 9E, and 9F depict side, cross-
sectional views of a metal touch sensor electrode 922 in
various stages of being covered by an opaque, low-
reflectivity material. FIG. 9C depicts a side cross-sec-
tional view of a metal touch sensitive electrode layer 922
on a supporting substrate layer 923. FIG. 9D depicts a
side cross-sectional view of a metal touch sensitive elec-
trode layer 922 on a supporting substrate layer 923, with
a photoresist layer 924 above the metal layer 922. The
photoresist layer 924 can be patterned with conventional
photolithography techniques (e.g., coating the underly-
ing metal layer 922 with a photoresist layer spanning the
substrate layer 923, exposing the photoresist layer to a
pattern of light, developing the exposed photoresist layer,
baking the layer) to create the pattern of photoresist
depicted in FIG. 9D. The photoresist layer typically can
be about 1 - 3 um thick. A metal etching process can be
applied to the stack shown in FIG. 9D to remove material
from the metal layer 922 that is not under the patterned
photoresist layer 924. FIG. 9E depicts a side cross-sec-
tional view of the metal touch sensitive electrode layer
922 on the supporting substrate layer 923, with a photo-
resist layer 924 above the metal layer 922, after metal
etching has been applied to remove metal from layer 922,
exceptunder patterned resist 924. The metal layer can be
overetched, so that the photoresist layer 924 edges ex-
tend beyond the edges of the remaining metal electrode
layer 922. In some implementations, the structure shown
in FIG. 9E can be further processed, so that the photo-
resist layer 924, covers the edges of the metal layer 922.
For example, the structure shown in FIG. 9E can be
heated, so that the photoresist 924 flows down over
the edges of the metal layer 922 to form the structure
shown in FIG. 9F.

[0072] A touch sensor layer for an emissive display
may itself include multiple layers. FIG. 10A depicts a top
view of electrodes in the touch sensor layer 1020. The
electrodes include a transmit (TX) sensor electrode 1051
and a receive (RX) sensor electrode 1052. FIG. 10B
depicts a side, cross-sectional view of a portion (shown
as A-A') of the touch sensor layers of FIG. 10A. As shown,
the TX sensor electrode 1051 and the RX sensor elec-
trode 1052 are coplanar and formed in a first metal layer
1050. The TX and RX electrodes form intercepting pat-
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terns. Accordingly, a second metal layer 1060 can be
used for ajumper (i.e., bridge) electrode 1061 to allow the
crossing-over electrical connections. The touch sensor
layer 220 may further include a sensor passivation layer
1070 and/or a sensor buffer layer 1080. The opaque
pattern of the touch sensor electrode for blocking light
may include either, or both, the first metal layer 1050 and
the second metal layer 1060 of the touch sensor layer
1020. In this regard, the electrodes 922 shown in FIG. 9A
may be generally regarded as being a part of a first metal
layer 1050 or as on a second metal layer 1060 of the
touch sensor layer 1020.

[0073] In some possible implementations, light dif-
fracted within the display may be blocked from reaching
the camera under the display after interacting with circuit
elements in the display. FIG. 11, not according to the
claimed invention, depicts a side, cross-sectional view of
an emissive display including an opaque layer below
signal lines according to a possible implementation of
the disclosure. The display can include an opaque pat-
tern 1130, which is located between the substrate (e.g.,
polyimide layer) 250 and the bottom most semiconduct-
ing layer 1132 for blocking light. The opaque pattern 1130
on the substrate 1150 can include one or multiple layers
comprising, for example, metal, photoresist, polymer,
and other materials forming an opaque structure. The
opaque pattern 1130 is positioned below and aligned with
the circuit elements (e.g., signal lines) that can cause
deleterious diffraction of light 1110 passing through gaps
between the elements, resulting in diffracted light 1140.
The diffracted light 1140 can be blocked by the opaque
pattern 1130. In the preferred embodiment pattern 1130
is coated by a barrier layer 1145 that ensures a stable
surface for forming the transistor elements 1132.
[0074] With the opaque pattern 1130 of the light block-
ing layer being below the OLEDs of the pixels, apertures
in the opaque layer for transmitted light 1040 from pixels
to shine through are unnecessary. Accordingly, the pre-
cision of alignment of the opaque mask with respectto the
OLEDs may be relaxed somewhat compared to imple-
mentations requiring apertures for the OLEDs. As shown
in FIG. 11, the spacing between the opaque pattern 1130
and the circuit elements (e.g., signal lines) is made small
enough that diffracted light 1140 is blocked before it can
reach an opening 1111.

[0075] The present claimed invention addresses the
fact that plane waves of light do not pass through even
large openings (i.e., openings that are significantly larger
than the wavelength of light) completely without diffrac-
tion, but rather suffer some diffraction by the edges of the
openings, which can lead to distortion of light as it passes
through a display to reach a camera under the display.
[0076] FIG. 12, according to the claimed invention,
depicts a side, cross-sectional view of an emissive dis-
play 1200 including a first light-blocking layer that in-
cludes a pattern of opaque portions 1222 above electri-
cally conductive signal lines 1242 and also including a
second light-blocking (e.g., collimation or mask), layer
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that includes a second pattern of opaque portions 1260
that further reduces light diffracted by elements in the
display 1200 from reaching a camera under the display
1200.

[0077] The emissive display 1200 can include a cover
glass layer 1210, a polarization layer 1215, and a touch-
sensitive layer 1220. The display 1200 can include light
emitting diode (LED) pixel structures 1235 and thin film
transistors (TFT) 1240 that supply electrical power to the
LED structures to drive the structures to emit light out of
the top surface of the display. The electrical power can be
supplied to the LED structures between a cathode 1230
and an anode 1236. Opaque control lines 1242 that
include, for example, metal material can supply electrical
signals and electrical power to the TFTs 1240 that drive
the OLED emitter structure 1235. The components of the
display 1200 can be fabricated on a substrate 1250,
which can include, for example, a polyimide (Pl) material
or glass. The display can further include a barrier layer
1245 of, for example, SiNx or SiONx, between the sub-
strate 1250 and other components in material stack of the
display 1200.

[0078] The touch sensor layer 1220 can include touch
sensor electrodes 1222, as described above, thatmay be
opaque to light received by the display 1200. Signal lines
1242 can be located under and touch sensor electrodes
1222 and within the lateral extent of the touch sensor
electrodes 1222, so that light passing through the display
1200 is blocked by the opaque electrodes 1222 from
reaching the signal lines 1242, so that the light is not
diffracted by the signal lines 1242.

[0079] Light 1262 that passes through the display to a
camera located below the display 1200 passes through
relatively large openings 510 that are free of non-trans-
parent elements, such that the light 1262 can pass
through the display 1200 without interacting with (e.g.,
being diffracted by) circuit elements. An opening 1211 is
defined by an aperture of the light blocking layer, for
example an aperture defined by the sensor electrodes
1222inthe touchlayer 1220 of the display 1200in FIG 12.
In some implementations, the smallest lateral dimension
of an opening 1211 can be greater than three times the
longest wavelength of light that passes through the open-
ing 1211 and that is imaged by a camera located below
the display 1200.

[0080] In some implementations, all of the light that is
imaged by the camera below the display 1200 can pass
through relatively large openings 1211 that are free of
non-transparent elements and whose smallest lateral
dimension is greater than three times the longest wave-
length of light that is imaged by the camera. In some
implementations, at least 95% of the light that is imaged
by the camera below the display 1200 can pass through
relatively large openings 1211 that are free of non-trans-
parent elements and whose smallest lateral dimension is
greater than three times the longest wavelength of light
that is imaged by the camera. In some implementations,
at least 90% of the light that is imaged by the camera
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below the display 1200 can pass through relatively large
openings 1211 that are free of non-transparent elements
and whose smallest lateral dimension is greater than
three times the longest wavelength of light that is imaged
by the camera. In some implementations, at least 80% of
the light that is imaged by the camera below the display
1200 can pass through relatively large openings 1211
that are free of non-transparent elements and whose
smallest lateral dimension is greater than three times
the longest wavelength of light that is imaged by the
camera.

[0081] As explained above, light that passes through a
relatively large opening is substantially undisturbed by
the opening. However, structures at the boundaries or
edges of the opening still can diffract the light. As shown
in FIG. 12, a plane wave 1262 passing through opening
1211 can be diffracted somewhat by the edges of the
sensor electrodes 1222 that form the boundaries of the
opening 1211. Thus, a portion of the light 1264 that
passes close by the edges of the sensor electrodes
1222 that form the boundaries of the opening 1211 can
be distorted from its plane wave pattern, such that, in a
ray-tracing representation of the light, a portion 1264 of
the light is diverted outward, away from a central axis of
the opening 1211. The imaging of such light by the
camera under the display 1200 would lead of haze and/or
distortion in an image created by the camera.

[0082] To address this issue, the structures of the
opaque collimation or mask layer 1260 are positioned
below the opaque diffracting sensor electrodes 1222,
such that they block a portion of the diverted light 1264
from passing through the display 1200 and reaching the
camera. Relative to the central axis of the opening 1211,
which is parallel to the propagation direction of the light
1262, the inside edge (i.e., closest edge to the central
axis) of a mask layer structure 1260 is located below, and
slightly outboard (away from the central axis), of a line
parallel to an inside edge of the sensor electrode 1222
that diffracts the light.

[0083] An angle, a, between a line parallel to the pro-
pagation direction of the light that grazes the edge of an
electrode 1222 and a line from the edge of the electrode
1222 to the edge of the collimation layer structure 1260
can be selected to minimize the amount of light diffracted
by the edge of the electrode 1222 that reaches the
camera under the display 1200. When the angle, a, is
zero, then light from the plane wave 1262 is diffracted not
only by the edge of the electrode 1222 but also by the
edge of the collimation layer structure 1260, such that the
collimation layer structure 1260 may cause additional
deleterious diffracted light that reaches the camera, re-
sulting in additional haze in images formed by the cam-
era. On the other hand, when the angle, a, is too high,
then light from the plane wave 1262 that is diffracted by
the edge of the electrode 1222 may not be blocked by the
collimation layer structure 1260 from reaching the cam-
era. Thus, an optimal angle can be between about six
degrees and about ten degrees.



19 EP 3 970 192 B1 20

[0084] The collimation structures 1260 can include
metal material or other opaque material fabricated in
the stack of material of the display. For example, the
collimation structures 1260 can be formed during the
fabrication of pixel circuit layers. To reduce diffraction
from edges of the collimation structures 1260, the vertical
thickness of the structures can be relatively thin, for
example, less than approximately two micrometers, so
that the collimator structure 1260 approximates a knife
edge barrier to the light 1262, 1264.

[0085] Variations to the implementations described
may exist. For example, the structures above the LEDs
that block light from reaching the control lines 1242 need
not be touch sensor electrodes 1222 but may be, or may
include, other opaque structures that either have a dedi-
cated purpose in the display 1200 of providing a light
blocking structure to reduce an amount of diffracted light
from reaching the camera under the display 1200 or that
perform this function in addition to performing one or
more other functions in the display.

[0086] In another example, the collimator structures
1260 need not be stand-alone structures but, in some
implementations, can be integrated with other structures
of the display. For example, the collimator structures
1260 can be part of a TFT structure 1240, and metal or
other opaque materials of the TFT can function as the
collimator structure that blocks diffracted light from the
upper light blocking layer. In another example, the colli-
mator structures 1260 can be part of an anode 1236, and
metal or other opaque materials of the anode can function
as the collimator structure that blocks diffracted light from
the upper light blocking layer.

[0087] FIG. 13, according to the claimed invention,
depicts side, cross-sectional view of another emissive
display 1300 including an opaque layer 1322 above
electrically conductive signal lines 1342 and also includ-
ing an opaque collimation or mask layer 1360 that further
reduces light diffracted by elements in the display 1300
from reaching a camera under the display 1300. The
emissive display 1300 of FIG. 13 is similar to the emissive
display 1200 of FIG. 12, except that, instead of the
collimation layer being located in the plane of the anode
1336, the collimation layer 1360 is located in the plane of
the control lines 1342. For example, in one implementa-
tion, a metallic source/drain control line can function as
the collimation layer 1360 structure to block diffracted
light from reaching the camera. In another implementa-
tion, the collimation layer 1360 in the plane of the control
lines need not function as a control line to supply elec-
trical power or control signals to an OLED emitter stack
but may be unconnected electrically to any OLED.
[0088] FIG. 14is atop view of an example pattern 1400
of a light blocking layer (e.g., the light blocking layer
structures 1560 as shown in FIG. 15) that serves to block
diffracted light from reaching the camera below the dis-
play. The pattern 1400 of the light blocking layer struc-
tures includes structures 1404 that frame the portions of
the emissive display that correspond to OLED emitter
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stacks and control lines that provide electrical power and
control signals to the OLED emitter stacks. The opaque
lines 1404 of the pattern can block light diffracted from
structures higher in the stack from reaching the camera
under the display.

[0089] FIG. 15, according to the claimed invention,
depicts a side, cross-sectional view of another emissive
display 1500 including an opaque light blocking layer
1522 above electrically conductive signal lines 1542
and also including a collimation or mask layer 1560 below
the signal lines that prevents light diffracted by elements
in the display from reaching a camera under the display
1560. The upper light blocking layer 1522 can shadow the
signal lines 1542 and other diffractive structures in the
display, so that the signal lines 1542 and other diffractive
structures do not diffract light that then reaches the
camera. The collimation or mask layer 1560 can be
positioned such that it intercepts light that is diffracted
by structures (e.g., edges of the upper light blocking layer
1522) in the display prevents at least a portion of the
diffracted light from passing through the display and
reaching the camera. As with FIG. 12, the aperture
1511 formed by the upper light blocking layer 1522 can
be smaller than the aperture formed by the lower light
blocking layer 1560. The collimation or mask layer 1560
can be integrated into the substrate layer 1550 or can be
patterned on top of the substrate layer 1550. In some
implementations, the lower light blocking layer 1560 can
be in located in the plane of layer that includes TFTs, and
the light blocking layer 1560 can be formed in a proces-
sing step in which the TFT layer is formed. In some
implementations, the light blocking layer 1560 can in-
clude semitransparent semiconductor material, e.g.
amorphous or polycrystalline silicon layer, which attenu-
ates the diffracted light 1560.

[0090] FIG. 16, according to the claimed invention,
depicts a side, cross-sectional view of another emissive
display 1600 including an opaque layer light blocking
1622 above electrically conductive signal lines 1642
and also including a mask layer 1660 below the signal
lines 1642 that prevents light diffracted by elements in the
display from reaching a camera under the display 1600.
In some implementations, the upper light blocking layer
1622 can include a touch sensor electrode. The upper
light blocking layer 1622 can at least partially shadow the
signal lines 1642 and other diffractive structures in the
display, but, when the dimensions of the upper light
blocking layer 1622 are relatively small it may not provide
sufficient shadowing to prevent light from reaching the
signal lines 1642 and other diffractive elements. How-
ever, the lower mask layer 1660 can have dimensions,
and be positioned, such that it intercepts light that is
diffracted by the signal lines 1642 and other diffractive
structures in the display and prevents the light from
reaching the camera. Because the edges of the lower
mask layer 1660 still cause some diffraction of light,
which then reaches the camera, an intensity of light
reaching the edges of the lower mask layer 1660 can
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be reduced the opaque angular filtering elements 1665
positioned above the lower mask layer 1660, such that
they shadow the edges of the lower mask layer 1660 and
light diffracted by the edges of the angular filtering ele-
ments is at least partially intercepted by the lower mask
layer 1660. In this manner, although edges of the angular
filtering elements 1665 diffract light, some of that dif-
fracted light is blocked from reaching the camera by
the lower mask layer 1664, and a lower intensity of light
is diffracted by the lower mask layer 1660. Thus, the
angular filtering elements 1665 in conjunction with the
lower mask layer 1660 can lower the total amount of
diffracted light that reaches the camera, compared to a
version of the display in FIG. 15 that does notinclude the
angular filtering elements 1665.

[0091] In otherimplementations, layers may be added
to the display with the sole purpose of blocking light.
Further, layers other than the layers described thus far
may be adapted to serve a dual purpose that includes
blocking light. A light-blocking layer need not be inte-
grated (e.g., laminated) with the display (i.e., as de-
scribed thus far) as long as the function of blocking
diffracted light from reaching a light sensor (e.g., camera)
is accomplished.

[0092] The disclosed displays have been presented in
the context of a mobile device, such as a tablet or a smart
phone. The principles and techniques disclosed, how-
ever, may be applied more generally to any display in
which it is desirable to position a sensor behind the dis-
play. For example, a virtual agent home terminal, a tele-
vision, or an automatic teller machine (ATM) are a non-
limiting set of alternative applications that could utilize a
camera positioned behind an active area of a display.
Further, the motivation for placing a camera behind a
display is not limited to an expansion of the display to the
edges of a device. For example, it may be desirable to
place the camera behind a display for aesthetic or stealth
reasons.

[0093] In the specification and/or figures, typical em-
bodiments have been disclosed. The present disclosure
is not limited to such exemplary embodiments. The use of
the term "and/or" includes any and all combinations of
one or more of the associated listed items. Unless other-
wise noted, specific terms have been used in a generic
and descriptive sense and not for purposes of limitation.
As used in this specification, spatial relative terms (e.g., in
front of, behind, above, below, and so forth) are intended
toencompass different orientations of the device in use or
operation in addition to the orientation depicted in the
figures. For example, a "front surface" of a mobile com-
puting device may be a surface facing a user, in which
case the phrase "in front of implies closer to the user.
Additionally, a "top surface" of a display may be the
surface facing a user, in which case the phrase "below"
implies deeper into an interior of the mobile computing
device.

[0094] While certain features of the described imple-
mentations have been illustrated as described herein,
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many modifications, substitutions, changes, and equiva-
lents will now occur to those skilled in the art. Itis, there-
fore, to be understood that the appended claims are
intended to cover all such modifications and changes
as fall within the scope of the implementations. It should
be understood that they have been presented by way of
example only, not limitation, and various changes in form
and details may be made. Any portion of the apparatus
and/or methods described herein may be combined in
any combination, except mutually exclusive combina-
tions. The implementations described herein can include
various combinations and/or sub-combinations of the
functions, components, and/or features of the different
implementations described.

Claims
1. A mobile computing device comprising:

an active matrix organic light emitting diode
(AMOLED) display (1200, 1300, 1500, 1600);
and

a camera having a sensor located beneath the
AMOLED display, such that light received by the
sensor passes through a transmit/receive re-
gion of a light-emitting area of the AMOLED
display, wherein the transmit/receive region
has a pixel density that is lower than other re-
gions of the light-emitting area and that includes
circuit elements arranged such that they diffract
visible light that passes through the transmit/re-
ceive region,

wherein the AMOLED display includes:

a first light-blocking layer (1222, 1322,
1522, 1665) that includes a first pattern of
opaque portions that are positioned above,
and aligned with, the circuit elements to
prevent light transmitted into the transmi-
t/receive region from reaching the circuit
elements; and

a second light-blocking layer (1260, 1360,
1560, 1660) between the first light blocking
layer and the camera and that includes a
second pattern of opaque portions that is
aligned with the first pattern, such that at
least a portion of light transmitted into the
transmit/receive region and diffracted by
the first pattern of opaque portions is
blocked by the second pattern of opaque
portions from reaching the sensor of the
camera,

wherein an aperture of the first light-block-
ing layer defines an opening (1211, 1311,
1511, 1611) having a central axis which is
parallel to a propagation direction of the
light, and wherein an inside edge, being
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the closest edge to the central axis, of the
second light-blocking layer is located below
thefirstlight-blocking layer and farther away
from the central axis than a line parallel to
the central axis and extending from an in-
side edge of the first light-blocking layer that
defines the opening.

The mobile computing device according to claim 1,
wherein the first pattern of opaque portions defines
transparent openings through which light passes
through the AMOLED display to the camera, and
wherein a lateral extent of the openings is greater
than three times a wavelength of light that is imaged
by the camera.

The mobile computing device according to claim 2,
wherein opaque portions of the first pattern that
define the transparent openings are closer to a cen-
tral axis passing through the openings, the central
axis being parallel to a propagation direction of light
that passes through the AMOLED display to the
camera, than opaque portions of the second pattern,

and optionally wherein opaque portions of the
first pattern and opaque patterns of the second
pattern are arranged such that light passing
between the first and second opaque patterns
at an angle of more than 10 degrees from the
propagation direction of light that passes
through the AMOLED display to the camera is
blocked by the second opaque pattern from
reaching the camera,

or wherein opaque portions of the first pattern
and opaque patterns of the second pattern are
arranged such that light passing between the
first and second opaque patterns at an angle of
more than 8 degrees from the propagation di-
rection of light that passes through the AMOLED
display to the camera is blocked by the second
opaque pattern from reaching the camera,

or wherein opaque portions of the first pattern
and opaque patterns of the second pattern are
arranged such that light passing between the
first and second opaque patterns at an angle of
more than 6 degrees from the propagation di-
rection of light that passes through the AMOLED
display to the camera is blocked by the second
opaque pattern from reaching the camera.

The mobile computing device according to any of the
preceding claims, wherein the second pattern of
opaque portionsincludes TFT layers of the AMOLED
display,

and/or wherein the first pattern of opaque portions is
located in the area of the transmit/receive region
aligned with pixels of the display to allow light from
the pixels to shine through openings in the first
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patterns and out of the AMOLED display.

The mobile computing device according to any of the
preceding claims, wherein the opaque portions of the
first pattern include touch sensor electrodes of the
AMOLED display,

and optionally wherein at least some of the touch
sensor electrodes are covered by material having an
optical absorption of greater than 90%.

The mobile computing device according to any of the
preceding claims, wherein the circuit elements in the
transmit/receive region include conductive lines con-
figured to provide electrical signals to pixels in the
AMOLED display,

and optionally wherein a width of the conductive lines
is greater than one micron.

The mobile computing device according to claim 6,
wherein two or more of the conductive lines are
parallel to each other, with a gap between the parallel
conductive lines being less than five microns,
and/or wherein two or more of the conductive lines
are parallel to each other, with a pitch of the parallel
conductive lines in the transmit/receive area being
smaller than a pitch of parallel conductive lines in
other areas of the AMOLED display.

The mobile computing device according to any of the
preceding claims, wherein opaque portions of the
second light-blocking include control lines that pro-
vide electrical power and/or electrical control signals
to OLED emitters in the AMOLED display,

and/or further comprising control lines that provide
electrical power and/or electrical control signals to
OLED emitters in the AMOLED display, and wherein
opaque portions of the second light-blocking include
control lines that are located in a plane of the control
lines.

The mobile computing device according to claim 8,
wherein the first light-blocking layer has less area
than the second light-blocking layer, and wherein the
second light-blocking layer blocks light diffracted by
the first light-blocking layer and light diffracted by the
control lines from reaching the camera.

An active matrix organic light emitting diode
(AMOLED) display (1200, 1300, 1500, 1600) com-
prising:

atransmit/receive region of a light-emitting area,
wherein the transmit/receive region has a pixel
density that is lower than other regions of the
light-emitting area and that includes circuit ele-
ments arranged such that they diffract visible
light that passes through the transmit/receive
region;
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a first light-blocking layer (1222, 1322, 1522,
1665) that includes a first pattern of opaque
portions that are positioned above, and aligned
with, the circuit elements to prevent light trans-
mitted into the transmit/receive region from
reaching the circuit elements; and

asecond light-blocking layer (1260, 1360, 1560,
1660) between the first light blocking layer and a
substrate on which components of the AMOLED
display are fabricated, wherein the second light-
blocking layer includes a second pattern of opa-
que portions that is aligned with the first pattern,
such that at least a portion of light transmitted
into the transmit/receive region and diffracted by
the first pattern of opaque portions is blocked by
the second pattern of opaque portions from
passing through the AMOLED display,

wherein an aperture of the first light-blocking
layer defines an opening (1211, 1311, 1511,
1611) having a central axis which is parallel to
a propagation direction of the light, and wherein
an inside edge, being the closest edge to the
central axis, of the second light-blocking layer is
located below the first light-blocking layer and
farther away from the central axis than a line
parallel to the central axis and extending from an
inside edge of the first light-blocking layer that
defines the opening.

The AMOLED display according to claim 10, wherein
the transmit/receive region is configured to transmit
the light to a camera, and wherein the first pattern of
opaque portions defines transparent openings
through which light passes through the AMOLED
display to the camera, and wherein a lateral extent
of the openings is greater than three times a wave-
length of light that is imaged by the camera.

The AMOLED display according to claim 11, wherein
opaque portions of the first pattern that define the
transparent openings are closer to a central axis
passing through the openings, the central axis being
parallel to a propagation direction of light that passes
through the AMOLED display, than opaque portions
of the second pattern,

and optionally wherein opaque portions of the
first pattern and opaque patterns of the second
pattern are arranged such that light passing
between the first and second opaque patterns
at an angle of more than 10 degrees from the
propagation direction of light that passes
through the AMOLED display to the camera is
blocked by the second opaque pattern from
passing through the AMOLED display,

or wherein opaque portions of the first pattern
and opaque patterns of the second pattern are
arranged such that light passing between the
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first and second opaque patterns at an angle of
more than 8 degrees from the propagation di-
rection of light that passes through the AMOLED
display to the camera is blocked by the second
opaque pattern from passing through the
AMOLED display,

or wherein opaque portions of the first pattern
and opaque patterns of the second pattern are
arranged such that light passing between the
first and second opaque patterns at an angle of
more than 6 degrees from the propagation di-
rection of light that passes through the AMOLED
display to the camera is blocked by the second
opaque pattern from passing through the
AMOLED display.

The AMOLED display according to any of claims 10 -
12, wherein the second pattern of opaque portions
includes TFT layers of the AMOLED display,
and/or wherein the first pattern of opaque portions is
located in the area of the transmit/receive region
aligned with pixels of the display to allow light from
the pixels to shine through openings in the first
patterns and out of the AMOLED display.

The AMOLED display according to any of claims 10 -
12, wherein the opaque portions of the first pattern
include touch sensor electrodes of the AMOLED
display,

and optionally wherein at least some of the touch
sensor electrodes covered by material having an
optical absorption of greater than 90%.

The AMOLED display according to any of claims 10 -
14, wherein the circuit elements in the transmit/re-
ceive region include conductive lines configured to
provide electrical signals to pixels in the AMOLED
display,

and optionally wherein a width of the conductive
lines is greater than one micron,

and/or wherein two or more of the conductive
lines are parallel to each other, with a gap be-
tween the parallel conductive lines being less
than five microns,

and/or wherein two or more of the conductive
lines are parallel to each other, with a pitch of the
parallel conductive lines in the transmit/receive
area being smaller than a pitch of parallel con-
ductive lines in other areas of the AMOLED
display,

and/or wherein opaque portions of the second
light-blocking include control lines that provide
electrical power and/or electrical control signals
to OLED emitters in the AMOLED display,
and/or further comprising control lines that pro-
vide electrical power and/or electrical control
signals to OLED emitters in the AMOLED dis-
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play, and wherein opaque portions of the second
light-blocking include control lines are located in
a plane of the control lines,

and/or wherein a first light-blocking layer has
less area than the second light-blocking layer,
and wherein the second light-blocking layer
blocks light diffracted by the first light-blocking
layer and light diffracted by the control lines from
reaching the camera.

Patentanspriiche

Mobile Rechenvorrichtung, umfassend:

eine Aktivmatrix-Anzeige mit organischer
Leuchtdiode (matrix organic light emitting diode,
AMOLED) (1200, 1300, 1500, 1600); und

eine Kamera, die einen Sensor aufweist, der
unterhalb der AMOLED-Anzeige angeordnet
ist, sodass von dem Sensor empfangenes Licht
durch einen Sende-/Empfangsbereich einer
Leuchtflache der AMOLED-Anzeige verlauft,
wobei der Sende-/Empfangsbereich eine Pixel-
dichte aufweist, die geringer ist als andere Be-
reiche der Leuchtflache, und die Schaltungs-
elemente beinhaltet, die so angeordnet sind,
dass sie sichtbares Licht beugen, das durch
den Sende-/Empfangsbereich verlauft,

wobei die AMOLED-Anzeige Folgendes bein-
haltet:

eine erste lichtblockierende Schicht (1222,
1322, 1522, 1665), die ein erstes Muster
aus lichtundurchlassigen Abschnitten bein-
haltet, die Gber den Schaltungselementen
positioniert und mit diesen ausgerichtet
sind, um zu verhindern, dass in den Sen-
de-/Empfangsbereich (bertragenes Licht
die Schaltungselemente erreicht; und

eine zweite lichtblockierende Schicht
(1260, 1360, 1560, 1660) zwischen der ers-
ten lichtblockierenden Schicht und der Ka-
mera, die ein zweites Muster aus lichtun-
durchlassigen Abschnitten beinhaltet, das
mit dem ersten Muster ausgerichtet ist, so-
dass mindestens ein Abschnitt von in den
Sende-/Empfangsbereich  Ubertragenes
und durch das erste Muster aus lichtun-
durchlassigen Abschnitten gebeugtes Licht
durch das zweite Muster aus lichtundurch-
I&ssigen Abschnitten daran gehindert wird,
den Sensor der Kamera zu erreichen,

wobei eine Offnung der ersten lichtblockier-
enden Schicht eine Offnung (1211, 1311,
1511, 1611), die eine Mittelachse aufweist,
die parallel zu einer Ausbreitungsrichtung
des Lichts ist, definiert, und wobei sich eine
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Innenkante, die die der Mittelachse am
nachsten liegende Kante der zweiten licht-
blockierenden Schicht ist, unterhalb der
ersten lichtblockierenden Schicht befindet
und weiter von der Mittelachse entfernt ist
als eine Linie, die parallel zu der Mittelachse
verlauft und sich von einer Innenkante der
ersten lichtblockierenden Schicht aus er-
streckt, die die Offnung definiert.

Mobile Rechenvorrichtung nach Anspruch 1, wobei
das erste Muster aus lichtundurchlassigen Abschnit-
ten transparente Offnungen definiert, durch die Licht
durch die AMOLED-Anzeige zu der Kamera verlauft,
und wobei eine seitliche Ausdehnung der Offnungen
grofer ist als das Dreifache einer Wellenlange von
Licht, das von der Kamera abgebildet wird.

Mobile Rechenvorrichtung nach Anspruch 2, wobei
lichtundurchlassige Abschnitte des ersten Musters,
die die transparenten C)ffnungen definieren, naher
an einer Mittelachse liegen, die durch die Offnungen
verlauft, wobei die Mittelachse parallel zu einer Aus-
breitungsrichtung des Lichts ist, das durch die AMO-
LED-Anzeige zu der Kamera verlauft, als lichtun-
durchldssige Abschnitte des zweiten Musters,

und optional wobei lichtundurchlassige Ab-
schnitte des ersten Musters und lichtundurch-
lassige Muster des zweiten Musters so ange-
ordnet sind, dass Licht, das zwischen dem ers-
ten und dem zweiten lichtundurchlassigen Mus-
ter in einem Winkel von mehr als 10 Grad von
der Ausbreitungsrichtung des Lichts, das durch
die AMOLED-Anzeige zu der Kamera verlauft,
verlauft, durch das zweite lichtundurchlassige
Muster daran gehindert wird, die Kamera zu
erreichen,

oder wobei lichtundurchléassige Abschnitte des
ersten Musters und lichtundurchlassige Muster
des zweiten Musters so angeordnet sind, dass
Licht, das zwischen dem ersten und dem zwei-
ten lichtundurchlassigen Muster in einem Win-
kel von mehr als 8 Grad von der Ausbreitungs-
richtung des Lichts, das durch die AMOLED-
Anzeige zu der Kamera verlauft, verlauft, durch
das zweite lichtundurchlassige Muster daran
gehindert wird, die Kamera zu erreichen,

oder wobei lichtundurchlassige Abschnitte des
ersten Musters und lichtundurchlassige Muster
des zweiten Musters so angeordnet sind, dass
Licht, das zwischen dem ersten und dem zwei-
ten lichtundurchlassigen Muster in einem Win-
kel von mehr als 6 Grad von der Ausbreitungs-
richtung des Lichts, das durch die AMOLED-
Anzeige zu der Kamera verlauft, verlauft, durch
das zweite lichtundurchldssige Muster daran
gehindert wird, die Kamera zu erreichen.



29

Mobile Rechenvorrichtung nach einem der vorher-
gehenden Anspriche, wobei das zweite Muster aus
lichtundurchlassigen Abschnitten TFT-Schichten
der AMOLED-Anzeige beinhaltet,

und/oder wobei sich das erste Muster lichtundurch-
lassiger Abschnitte in der Flache des Sende-/Emp-
fangsbereichs befindet, die mit Pixeln der Anzeige
ausgerichtet ist, um zu ermdglichen, dass Licht von
den Pixeln durch Offnungen in den ersten Mustern
und aus der AMOLED-Anzeige heraus scheint.

Mobile Rechenvorrichtung nach einem der vorher-
gehenden Anspriiche, wobei die lichtundurchlassi-
gen Abschnitte des ersten Musters Berliihrungssen-
sorelektroden der AMOLED-Anzeige beinhalten,
und optional wobei mindestens einige der Beruh-
rungssensorelektroden mit Material bedeckt sind,
das eine optische Absorption von mehr als 90 %
aufweist.

Mobile Rechenvorrichtung nach einem der vorher-
gehenden Anspriiche, wobei die Schaltungsele-
mente in dem Sende-/Empfangsbereich leitende
Leitungen beinhalten, die dazu konfiguriert sind,
elektrische Signale an Pixel in der AMOLED-Anzei-
ge bereitzustellen,

und optional wobei eine Breite der leitenden Leitun-
gen grofler als ein Mikrometer ist.

Mobile Rechenvorrichtung nach Anspruch 6, wobei
zwei oder mehr der leitenden Leitungen parallel zu-
einander verlaufen und die Licke zwischen den
parallelen leitenden Leitungen weniger als finf Mik-
rometer betragt,

und/oder wobei zwei oder mehr der leitenden Leitun-
gen parallel zueinander verlaufen, wobei eine Tei-
lung der parallelen leitenden Leitungen in der Sen-
de-/Empfangsflache geringerist als eine Teilung von
parallelen leitenden Leitungen in anderen Flachen
der AMOLED-Anzeige.

Mobile Rechenvorrichtung nach einem der vorher-
gehenden Anspriiche, wobei lichtundurchlassige
Abschnitte der zweiten Lichtblockierung Steuerlei-
tungen beinhalten, die OLED-Emittern in der AMO-
LED-Anzeige elektrische Energie und/oder elektri-
sche Steuersignale bereitstellen,

und/oder ferner umfassend Steuerleitungen, die
OLED-Emitternin der AMOLED-Anzeige elektrische
Energie und/oder elektrische Steuersignale bereit-
stellen, und wobei lichtundurchlassige Abschnitte
der zweiten Lichtblockierung Steuerleitungen bein-
halten, die sich in einer Ebene der Steuerleitungen
befinden.

Mobile Rechenvorrichtung nach Anspruch 8, wobei
die erste lichtblockierende Schicht eine kleinere Fla-
che als die zweite lichtblockierende Schicht aufweist
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und wobei die zweite lichtblockierende Schicht das
von der ersten lichtblockierenden Schicht gebeugte
Licht und das von den Steuerleitungen gebeugte
Licht daran hindert, die Kamera zu erreichen.

Aktivmatrix-Anzeige mit organischer Leuchtdiode
(matrix organic light emitting diode, AMOLED)
(1200, 1300, 1500, 1600), umfassend:

einen Sende-/Empfangsbereich einer Leucht-
flache, wobei der Sende-/Empfangsbereich ei-
ne Pixeldichte aufweist, die geringer ist als an-
dere Bereiche der Leuchtflache, und die Schal-
tungselemente beinhaltet, die so angeordnet
sind, dass sie sichtbares Licht beugen, das
durch den Sende-/Empfangsbereich verlauft;
eine erste lichtblockierende Schicht (1222,
1322, 1522, 1665), die ein erstes Muster aus
lichtundurchlassigen Abschnitten beinhaltet,
die Uber den Schaltungselementen positioniert
und mit diesen ausgerichtet sind, um zu ver-
hindern, dass in den Sende-/Empfangsbereich
Ubertragenes Licht die Schaltungselemente er-
reicht; und

eine zweite lichtblockierende Schicht (1260,
1360, 1560, 1660) zwischen der ersten licht-
blockierenden Schicht und einem Substrat,
auf dem Komponenten der AMOLED-Anzeige
gefertigt sind, wobei die zweite lichtblockieren-
de Schicht ein zweites Muster lichtundurchlas-
siger Abschnitte beinhaltet, das mit dem ersten
Muster ausgerichtet ist, sodass mindestens ein
Abschnitt von in den Sende-/Empfangsbereich
Ubertragenes und durch das erste Muster aus
lichtundurchlassigen Abschnitten gebeugtes
Licht durch das zweite Muster aus lichtundurch-
lassigen Abschnitten daran gehindert wird,
durch die AMOLED-Anzeige zu verlaufen,
wobei eine Offnung der ersten lichtblockieren-
den Schicht eine Offnung (1211, 1311, 1511,
1611), die eine Mittelachse aufweist, die parallel
zu einer Ausbreitungsrichtung des Lichts ist,
definiert, und wobei sich eine Innenkante, die
die der Mittelachse am nachsten liegende Kante
der zweiten lichtblockierenden Schicht ist, un-
terhalb der ersten lichtblockierenden Schicht
befindet und weiter von der Mittelachse entfernt
ist als eine Linie, die parallel zu der Mittelachse
verlauft und sich von einer Innenkante der ers-
ten lichtblockierenden Schicht aus erstreckt, die
die Offnung definiert.

AMOLED-Anzeige nach Anspruch 10, wobei der
Sende-/Empfangsbereich dazu konfiguriert ist, das
Licht an eine Kamera zu ibertragen, und wobei das
erste Muster aus lichtundurchlassigen Abschnitten
transparente Offnungen definiert, durch die Licht
durch die AMOLED-Anzeige zu der Kamera verlauft,



12.

13.

31 EP 3 970 192 B1

und wobei eine seitliche Ausdehnung der Offnungen
groRer ist als das Dreifache einer Wellenlange von
Licht, das von der Kamera abgebildet wird.

AMOLED-ANnzeige nach Anspruch 11, wobei licht-
undurchlassige Abschnitte des ersten Musters, die
die transparenten Offnungen definieren, naher an
einer Mittelachse liegen, die durch die Offnungen
verlauft - wobei die Mittelachse parallel zu einer
Ausbreitungsrichtung des Lichts ist, das durch die
AMOLED-AnNzeige verlauft - als lichtundurchlassige
Abschnitte des zweiten Musters,

und optional wobei lichtundurchlassige Ab-
schnitte des ersten Musters und lichtundurch-
lassige Muster des zweiten Musters so ange-
ordnet sind, dass Licht, das zwischen dem ers-
ten und dem zweiten lichtundurchlassigen Mus-
ter in einem Winkel von mehr als 10 Grad von
der Ausbreitungsrichtung des Lichts, das durch
die AMOLED-Anzeige zu der Kamera verlauft,
verlauft, durch das zweite lichtundurchlassige
Muster daran gehindert wird, durch die AMO-
LED-Anzeige zu verlaufen,

oder wobei lichtundurchlassige Abschnitte des
ersten Musters und lichtundurchlassige Muster
des zweiten Musters so angeordnet sind, dass
Licht, das zwischen dem ersten und dem zwei-
ten lichtundurchlassigen Muster in einem Win-
kel von mehr als 8 Grad von der Ausbreitungs-
richtung des Lichts, das durch die AMOLED-
Anzeige zu der Kamera verlauft, verlauft, durch
das zweite lichtundurchlassige Muster daran
gehindert wird, durch die AMOLED-Anzeige
zu verlaufen,

oder wobei lichtundurchlassige Abschnitte des
ersten Musters und lichtundurchlassige Muster
des zweiten Musters so angeordnet sind, dass
Licht, das zwischen dem ersten und dem zwei-
ten lichtundurchlassigen Muster in einem Win-
kel von mehr als 6 Grad von der Ausbreitungs-
richtung des Lichts, das durch die AMOLED-
Anzeige zu der Kamera verlauft, verlauft, durch
das zweite lichtundurchlassige Muster daran
gehindert wird, durch die AMOLED-Anzeige
zu verlaufen.

AMOLED-ANnzeige nach einem der Anspriiche
10-12, wobei das zweite Muster aus lichtundurchlas-
sigen Abschnitten TFT-Schichten der AMOLED-AN-
zeige beinhaltet,

und/oder wobei sich das erste Muster lichtundurch-
lassiger Abschnitte in der Flache des Sende-/Emp-
fangsbereichs befindet, die mit Pixeln der Anzeige
ausgerichtet ist, um zu ermdglichen, dass Licht von
den Pixeln durch Offnungen in den ersten Mustern
und aus der AMOLED-Anzeige heraus scheint.

10

15

20

25

30

35

40

45

50

55

17

14,

15.

32

AMOLED-Anzeige nach einem der Anspriche
10-12, wobei die lichtundurchlassigen Abschnitte
des ersten Musters Beriihrungssensorelektroden
der AMOLED-Anzeige beinhalten,

und optional wobei mindestens einige der Bertiih-
rungssensorelektroden mit Material bedeckt sind,
das eine optische Absorption von mehr als 90 %
aufweist.

AMOLED-Anzeige nach einem der Anspriiche
10-14, wobei die Schaltungselemente in dem Sen-
de-/Empfangsbereich leitende Leitungen beinhal-
ten, die dazu konfiguriert sind, elektrische Signale
an Pixel in der AMOLED-Anzeige bereitzustellen,

und optional wobei eine Breite der leitenden
Leitungen gréRer als ein Mikrometer ist,
und/oder wobei zwei oder mehr der leitenden
Leitungen parallel zueinander verlaufen und die
Licke zwischen den parallelen leitenden Leitun-
gen weniger als funf Mikrometer betragt, und/o-
der wobei zwei oder mehr der leitenden Leitun-
gen parallel zueinander verlaufen, wobei eine
Teilung der parallelen leitenden Leitungen in der
Sende-/Empfangsflache geringer ist als eine
Teilung von parallelen leitenden Leitungen in
anderen Flachen der AMOLED-Anzeige,
und/oder wobei lichtundurchlassige Abschnitte
der zweiten Lichtblockierung Steuerleitungen
beinhalten, die OLED-Emittern in der AMO-
LED-Anzeige elektrische Energie und/oder
elektrische Steuersignale bereitstellen,
und/oder ferner umfassend Steuerleitungen, die
OLED-Emittern in der AMOLED-Anzeige elekt-
rische Energie und/oder elektrische Steuersig-
nale bereitstellen, und wobei lichtundurchlassi-
ge Abschnitte der zweiten Lichtblockierung
Steuerleitungen beinhalten, die sich in einer
Ebene der Steuerleitungen befinden,

und/oder wobei eine erste lichtblockierende
Schicht eine kleinere Flache als die zweite licht-
blockierende Schicht aufweist und wobei die
zweite lichtblockierende Schicht das von der
ersten lichtblockierenden Schicht gebeugte
Licht und das von den Steuerleitungen gebeug-
te Licht daran hindert, die Kamera zu erreichen.

Revendications

1.

Dispositif informatique mobile, comprenant :

un dispositif d’affichage a diodes électrolumi-
nescentes organiques a matrice active (AMO-
LED) (1200, 1300, 1500, 1600) ; et

une caméra ayant un capteur situé sous le dis-
positif d’affichage AMOLED, de sorte que la
lumiére regue par le capteur passe a travers
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une région d’émission / de réception d’une zone
d’émission de lumiére du dispositif d’affichage
AMOLED, dans lequel la région d’émission / de
réception a une densité de pixels qui est infé-
rieure a celle des autres régions de la zone
d’émission de lumiere et qui comporte des élé-
ments de circuit disposés de sorte qu'’ils diffrac-
tent la lumiére visible qui passe a travers la
région d’émission / de réception,

dans lequel le dispositif d’affichage AMOLED
comporte :

une premiére couche de blocage de lumiére
(1222, 1322, 1522, 1665) qui comporte un
premier motif de parties opaques qui sont
positionnées au-dessus et alignées avec
les éléments de circuit pour empécher la
lumiere émise dans la région d’émission /
de réception d’atteindre les éléments de
circuit ; et

une seconde couche de blocage de lumiére
(1260, 1360, 1560, 1660) entre la premiére
couche de blocage de lumiére et la caméra
et qui comporte un second motif de parties
opaques qui est aligné avec le premier mo-
tif, de sorte qu’au moins une partie de la
lumiére émise dans la région d’émission /
de réception et diffractée par le premier
motif de parties opaques est empéchée
par le second motif de parties opaques
d’atteindre le capteur de la caméra,

dans lequel une ouverture de la premiére
couche de blocage de lumiere définit une
ouverture (1211,1311,1511,1611)ayantun
axe central qui est paralléle a une direction
de propagation de lalumiére, et dans lequel
un bord intérieur, étant le bord le plus pro-
che de I'axe central, de la seconde couche
de blocage de lumiére, est situé sous la
premiére couche de blocage de lumiére et
plus loin de I'axe central qu’une ligne para-
liele al'axe central et se prolongeant a partir
d’'un bord intérieur de la premiére couche de
blocage de lumiere qui définit I'ouverture.

Dispositif informatique mobile selon la revendication
1, dans lequel le premier motif de parties opaques
définit des ouvertures transparentes a travers les-
quelles la lumiére passe a travers le dispositif d’affi-
chage AMOLED jusqu’a la caméra, et dans lequel
une étendue latérale des ouvertures est supérieure a
trois fois une longueur d’'onde de lumiére qui est
imagée par la caméra.

Dispositif informatique mobile selon la revendication
2, dans lequel les parties opaques du premier motif
qui définissent les ouvertures transparentes sont
plus proches d’'un axe central passant a travers
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les ouvertures, I'axe central étant paralléle a une
direction de propagation de la lumiére qui passe a
travers le dispositif d’affichage AMOLED vers la
caméra, que les parties opaques du second motif,

et éventuellement dans lequel des parties opa-
ques du premier motif et des motifs opaques du
second motif sont disposés de sorte que la
lumiére passant entre les premier et second
motifs opaques a un angle de plus de 10 degrés
par rapport a la direction de propagation de la
lumiére qui passe a travers le dispositif d’affi-
chage AMOLED vers la caméra est empéchée
par le second motif opaque d’atteindre la camé-
ra,

ou dans lequel des parties opaques du premier
motif et des motifs opaques du second motif
sont disposés de sorte que la lumiére passant
entre les premier et second motifs opaques a un
angle de plus de 8 degrés par rapport a la
direction de propagation de la lumiére qui passe
a travers le dispositif d’affichage AMOLED vers
la caméra est empéchée par le second motif
opaque d’atteindre la caméra,

ou dans lequel des parties opaques du premier
motif et des motifs opaques du second motif
sont disposés de sorte que la lumiére passant
entre les premier et second motifs opaques a un
angle de plus de 6 degrés par rapport a la
direction de propagation de la lumiére qui passe
a travers le dispositif d’affichage AMOLED vers
la caméra est empéchée par le second motif
opaque d’atteindre la caméra.

Dispositif informatique mobile selon l'une quel-
conque des revendications précédentes, dans le-
quel le second motif de parties opaques comporte
des couches TFT du dispositif d’affichage AMOLED,
et/oudans lequel le premier motif de parties opaques
est situé dans la zone de la région d’émission / de
réception alignée avec les pixels du dispositif d’affi-
chage pour permettre a la lumiére des pixels de
briller a travers les ouvertures dans les premiers
motifs et hors du dispositif d’affichage AMOLED.

Dispositif informatique mobile selon I'une quel-
conque des revendications précédentes, dans le-
quel les parties opaques du premier motif compor-
tent des électrodes de capteur tactile du dispositif
d’affichage AMOLED,

et éventuellement dans lequel au moins certaines
des électrodes de capteur tactile sont recouvertes
d’'un matériau ayant une absorption optique supéri-
eure a 90 %.

Dispositif informatique mobile selon I'une quel-
conque des revendications précédentes, dans le-
quel les éléments de circuit dans la région d’émis-
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sion / de réception comportent des lignes conduc-
trices configurées pour fournir des signaux électri-
ques a des pixels dans le dispositif d’affichage AMO-
LED,

etéventuellementdanslequel une largeur deslignes
conductrices est supérieure a un micron.

Dispositif informatique mobile selon la revendication
6, dans lequel deux des lignes conductrices ou plus
sont paralléles les unes aux autres, avec un espace
entre les lignes conductrices paralléles étant infé-
rieur a cing microns,

et/ou dans lequel deux des lignes conductrices ou
plus sont paralléles les unes aux autres, avec un pas
des lignes conductrices paralléles dans la zone d’é-
mission / de réception étant plus petit qu'un pas de
lignes conductrices paralléles dans d’autres zones
du dispositif d’affichage AMOLED.

Dispositif informatique mobile selon l'une quel-
conque des revendications précédentes, dans le-
quel les parties opaques du second blocage de
lumiére comportent des lignes de commande qui
fournissent de I'énergie électrique et/ou des signaux
de commande électriques aux émetteurs OLED du
dispositif d’affichage AMOLED,

et/ou comprenant également des lignes de
commande qui fournissent de I'énergie électrique
et/ou des signaux de commande électriques aux
émetteurs OLED dans le dispositif d’affichage AMO-
LED, et dans lequel des parties opaques du second
blocage de Ilumiére comportent des lignes de
commande qui sont situées dans un plan des lignes
de commande.

Dispositif informatique mobile selon la revendication
8, dans lequel la premiere couche de blocage de
lumiére aune surface inférieure a celle de laseconde
couche de blocage de lumiére, et dans lequel la
seconde couche de blocage de lumiére empéche
la lumiére diffractée par la premiére couche de blo-
cage de lumiére et la lumiére diffractée par les lignes
de commande d’atteindre la caméra.

Dispositif d’affichage a diodes électroluminescentes
organiques a matrice active (AMOLED) (1200, 1300,
1500, 1600) comprenant :

une région d’émission / de réception d’une zone
électroluminescente, dans lequel la région d’é-
mission/de réception a une densité de pixels qui
est inférieure a celle des autres régions de la
zone électroluminescente et qui comporte des
éléments de circuit disposés de sorte qu'ils dif-
fractent la lumiere visible qui passe a travers la
région d’émission / de réception ;

une premiére couche de blocage de lumiére
(1222, 1322, 1522, 1665) qui comporte un pre-
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mier motif de parties opaques qui sont position-
nées au-dessus et alignées avec les éléments
de circuit pour empécher la lumiére émise dans
la région d’émission / de réception d’atteindre
les éléments de circuit ; et

une seconde couche de blocage de lumiere
(1260, 1360, 1560, 1660) entre la premiere cou-
che de blocage de lumiére et un substrat sur
lequel sont fabriqués des composants du dis-
positif d’affichage AMOLED, dans lequel la se-
conde couche de blocage de lumiére comporte
un second motif de parties opaques qui est
aligné avec le premier motif, de sorte qu’'au
moins une partie de la lumiere émise dans la
région d’émission / de réception et diffractée par
le premier motif de parties opaques est empé-
chée par le second motif de parties opaques de
passer a travers le dispositif d’affichage AMO-
LED,

dans lequel une ouverture de la premiére cou-
che de blocage de lumiére définit une ouverture
(1211, 1311, 1511, 1611) ayant un axe central
qui est paralléle a une direction de propagation
de la lumiére, et dans lequel un bord intérieur,
étantle bord le plus proche de I'axe central, de la
seconde couche de blocage de lumiére est situé
sous la premiére couche de blocage de lumiére
et plus loin de I'axe central qu’'une ligne paralléle
a l'axe central et se prolongeant a partir d’'un
bord intérieur de la premiére couche de blocage
de lumiére qui définit 'ouverture.

Dispositif d’affichage AMOLED selon la revendica-
tion 10, dans lequel la région d’émission / de récep-
tion est configurée pour transmettre la lumiére a une
caméra, et dans lequel le premier motif de parties
opaques définit des ouvertures transparentes a tra-
vers lesquelles lalumiére passe a travers le dispositif
d’affichage AMOLED jusqu’a la caméra, et dans
lequel une étendue latérale des ouvertures est su-
périeure a trois fois une longueur d’onde de lumiére
qui est imagée par la caméra.

Dispositif d’affichage AMOLED selon la revendica-
tion 11, dans lequel les parties opaques du premier
motif qui définissent les ouvertures transparentes
sont plus proches d’un axe central passant a travers
les ouvertures, I'axe central étant paralléle a une
direction de propagation de la lumiére qui passe a
travers le dispositif d’affichage AMOLED vers la
caméra, que les parties opaques du second motif,

et éventuellement dans lequel des parties opa-
ques du premier motif et des motifs opaques du
second motif sont disposés de sorte que la
lumiére passant entre les premier et second
motifs opaques a un angle de plus de 10 degrés
par rapport a la direction de propagation de la
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lumiere qui passe a travers le dispositif d’affi-
chage AMOLED vers la caméra est empéchée
par le second motif opaque de passer a travers
le dispositif d’affichage AMOLED,

ou dans lequel des parties opaques du premier
motif et des motifs opaques du second motif
sont disposés de sorte que la lumiére passant
entre les premier et second motifs opaques a un
angle de plus de 8 degrés par rapport a la
direction de propagation de la lumiére qui passe
a travers le dispositif d’affichage AMOLED vers
la caméra est empéchée par le second motif
opaque de passer a travers le dispositif d’affi-
chage AMOLED,

ou dans lequel des parties opaques du premier
motif et des motifs opaques du second motif
sont disposés de sorte que la lumiére passant
entre les premier et second motifs opaques a un
angle de plus de 6 degrés par rapport a la
direction de propagation de lalumiére qui passe
a travers le dispositif d’affichage AMOLED vers
la caméra est empéchée par le second motif
opaque de passer a travers le dispositif d’affi-
chage AMOLED.

Dispositif d’affichage AMOLED selon l'une quel-
conque des revendications 10 a 12, dans lequel le
second motif de parties opaques comporte des cou-
ches TFT du dispositif d’affichage AMOLED,
et/oudanslequel le premier motif de parties opaques
est situé dans la zone de la région d’émission / de
réception alignée avec les pixels du dispositif d’affi-
chage pour permettre & la lumiére des pixels de
briller a travers les ouvertures dans les premiers
motifs et hors du dispositif d’affichage AMOLED.

Dispositif d’affichage AMOLED selon l'une quel-
conque des revendications 10 a 12, dans lequel
les parties opaques du premier motif comportent
des électrodes de capteur tactile du dispositif d’affi-
chage AMOLED,

et éventuellement dans lequel au moins certaines
des électrodes de capteur tactile sont recouvertes
d’'un matériau ayant une absorption optique supéri-
eure a 90 %.

Dispositif d’affichage AMOLED selon l'une quel-
conque des revendications 10 a 14, dans lequel
les éléments de circuit dans la région d’émission /
de réception comportent des lignes de signal confi-
gurées pour fournir des signaux électriques a des
pixels dans le dispositif d’affichage AMOLED,

et éventuellement dans lequel une largeur des
lignes conductrices est supérieure a un micron,
et/ou dans lequel deux des lignes conductrices
ou plus sont paralléles les unes aux autres, avec
un espace entre les lignes conductrices para-
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lieles étant inférieur a cinqg microns,

et/ou dans lequel deux des lignes conductrices
ou plus sont paralléles les unes aux autres, avec
un pas des lignes conductrices paralléles dans
la zone d’émission / de réception étant plus petit
qu’'un pas de lignes conductrices paralléles
dans d’autres zones du dispositif d’affichage
AMOLED,

et/oudans lequel les parties opaques du second
blocage de lumiére comportent des lignes de
commande qui fournissent de I'énergie élec-
trique et/ou des signaux de commande électri-
ques aux émetteurs OLED du dispositif d’affi-
chage AMOLED,

et/ou comprenant également des lignes de
commande qui fournissent de I'énergie élec-
trique et/ou des signaux de commande électri-
ques aux émetteurs OLED dans le dispositif
d’affichage AMOLED, etdans lequel des parties
opaques du second blocage de lumiére compor-
tent des lignes de commande qui sont situées
dans un plan des lignes de commande,

et/ou dans lequel une premiére couche de blo-
cage de lumiere a une surface inférieure a celle
de la seconde couche de blocage de lumiere, et
dans lequel la seconde couche de blocage de
lumiere empéche la lumiére diffractée par la
premiére couche de blocage de lumiére et la
lumiére diffractée par les lignes de commande
d’atteindre la caméra.
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FIG. 8A
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FIG. 8B
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